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(57) ABSTRACT 
In a heating furnace system for hot stamping, a first heating 
furnace has a plurality of pairs of upper and lower rolls 
arranged in a lengthwise direction thereof in order to transfer 
a steel plate, and high-frequency coils alternately arranged 
with the pairs of upper and lower rolls in the lengthwise 
direction thereof. A second heating furnace continuously 
transfers the steel plate from the first heating furnace during 
heating the steel plate attemperature of A or more, and has 
a plurality of transfer rollers arranged in a lengthwise 
direction thereof. The second heating furnace includes an 
electric furnace or a gas furnace. This heating furnace 
system can reduce space required for facilities by 50% or 
more compared to the related art. 

5 Claims, 5 Drawing Sheets 
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HEATING FURNACE SYSTEM FOR HOT 
STAMPING 

CLAIM OF PRIORITY 

This application claims the priority of Korean Patent 
Application No. 10-2008–0096912, filed on Oct. 2, 2008, in 
the Korean Intellectual Property Office, the disclosure of 
which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 
The present invention relates to a hybrid heating furnace 

system for hot stamping, in which a high-frequency heating 
furnace is combined with an electric furnace (or a gas 
furnace). 

Description of the Related Art 
In vehicle manufacturing fields, there has been a focus on 

a decrease in weight and an increase in strength. Recently, 
hot stamping technology has been located at the center of 
this focus. The hot stamping technology was proposed by 
Norrbottens Jarnverk AB in Sweden in the early 1970s. In 
GB Patent No. 1490535 issued to this company, the hot 
stamping technology is disclosed in detail. 

Referring to FIG. 1, the hot stamping technology is 
characterized by manufacturing a steel plate part 1b having 
high strength of 1500 MPa by heating a steel plate 1 in a 
heating furnace 10 at high temperature of A or more, and 
forming and heat-treating the heated Steel plate in a press 20. 
This hot stamping process is called hot forming, hot press 
ing, or the like. As a material for the hot stamping, a 
so-called boron steel is used which contains carbon of about 
0.2 wt % and uses manganese (Mn) and boron (B) as 
elements for improving heat treatment performance. 

This hot stamping technology has advantages in that it 
simultaneously carries out formation and heat treatment to 
thereby provide excellent productivity, in that it forms a steel 
plate at high temperature to thereby improve formability and 
dimensional precision, and in that it remarkably reduces 
spring-back or delayed fracture that becomes an issue, 
particularly, in high-strength parts. In contrast, the hot 
stamping technology has disadvantages in that it cannot 
avoid surface oxidation of the Steel plate due to a high 
temperature process, and that it must perform a separate 
descaling process 30 on formed products as illustrated in 
FIG. 1. In order to remove this descaling process, there has 
been a proposal for aluminized steel sheets, etc. which are 
available from Arcelor or Nippon Steel. 

Meanwhile, in terms of application of the hot stamping 
technology, heating furnaces that have mainly been used for 
a long time are electric furnaces. The steel plate for the hot 
stamping must be completely austenitized by heating at a 
temperature between 880° C. and 950° C. above A. For the 
austenitization, the steel plate, being 1.2 mm thick, requires 
between 12 minutes and 17 minutes when the electric 
furnace is used. In this manner, the heating furnaces such as 
electric furnaces or gas furnaces increase heating time, and 
thus cause a decrease in process speed and an increase in 
production cost. Furthermore, the heating furnaces have a 
considerable length ranging from 23 m to 30 m, and thus 
have no choice but to have a huge Volume. These large 
facilities increase various expenses. 

Currently, high-frequency induction heating is used for 
local strengthening of body parts such as centerpillars. This 
high-frequency induction heating can heat the steel plate to 
a temperature of 1000° C. or more within several seconds. 
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2 
As such, in the case where high-frequency induction heating 
is applied to hot stamping technology, this can make the 
heating furnaces Small, and reduce heating time and cost of 
the steel plate. However, in the case of the heating furnace 
based on the high-frequency induction heating (hereinafter, 
referred to as “high-frequency furnace'), the heating furnace 
has a problem of a sharp increase in temperature or defor 
mation during transferring the Steel plate. For this reason, 
the heating furnace has been merely used for heat treatment 
of somewhat thick parts rather than thin parts. 

SUMMARY OF THE INVENTION 

An aspect of the present invention is to provide a hybrid 
heating furnace system for hot stamping, in which a high 
frequency heating furnace is combined with an electric 
furnace (or a gas furnace) in order to make facilities Small 
and improve productivity. 

According to an aspect of the present invention, there is 
provided a heating furnace system for hot stamping, includ 
ing a steel plate feed section; a first heating furnace having 
a plurality of pairs of upper and lower rolls arranged in a 
lengthwise direction thereof in order to transfer a steel plate, 
and high-frequency coils alternately arranged with the pairs 
of upper and lower rolls in the lengthwise direction thereof; 
a second heating furnace continuously transferring the steel 
plate from the first heating furnace during heating the Steel 
plate at temperature of A or more, and having a plurality 
of transfer rollers arranged in a lengthwise direction thereof; 
and a discharge section discharging the steel plate from the 
second heating furnace. 

Here, the first heating furnace may include at least two 
heating Zones having different target temperatures. Each 
heating Zone may have high-frequency coils connected to a 
separate inverter. 

Further, the high-frequency coils may be each installed 
between the upper rolls adjacent to each other and between 
the lower rolls adjacent to each other. 
The pairs of upper and lower rolls may be hollow, and be 

made of ceramic material. 
Further, the pairs of upper and lower rolls may have 

extensions inserted into opposite ends thereof in order to 
lengthen the rolls and to make connection to drives, and 
yarns wound on outer circumferences of the rolls into which 
the extensions are inserted. The yarns may be impregnated 
with resin. 
The discharge section may include rotation rolls installed 

for introducing the steel plate, and stoppers installed 
upwards between the rotation rolls adjacent to each other in 
order to fix a position of the introduced steel plate. 

According to an aspect of the present invention, there is 
provided a heating furnace system for hot stamping, includ 
ing: a steel plate feed section; a first heating furnace having 
at least two heating Zones with different target temperatures, 
each heating Zone having high-frequency coils connected to 
a separate inverter; a second heating furnace at least having 
heating sections and a standby section, heating a steel plate 
transferred from the first heating furnace at temperature of 
As or more in the heating sections, and controlling a 
transferring speed of the steel plate in the standby section 
independently of that in the heating section; and a discharge 
section discharging the steel plate from the second heating 
furnace. 

Here, the first heating furnace may include a plurality of 
pairs of upper and lower rolls arranged in a lengthwise 
direction thereof in order to transfer the steel plate, and the 
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high-frequency coils alternately installed with the pairs of 
upper and lower rolls in the lengthwise direction thereof. 

Further, the standby section may include position and 
temperature detection sensors for the steel plate. 

Further, the transferring speed of the steel plate before the s 
steel plate is discharged from the standby section may be 
equal to those in the heating sections. The transferring speed 
of the steel plate may be increased when the steel plate 
completely enters the standby section and is discharged from 
the standby section. 

The transferring speed of the steel plate after the steel 
plate is discharged from the standby section may be gradu 
ally reduced to be equal to those in the heating sections. 
The second heating furnace may include one of an electric 

furnace and a gas furnace. 
According to embodiments of the present invention, the 15 

heating furnace system for hot stamping can reduce space 
required for facilities by 50% or more compared to the 
related art, fuel cost due to a decrease in the length of an 
electric furnace, and the unit cost of a hot stamped part. 

Further, the heating furnace system can not only properly 20 
adjust outputs of inverters in the first heating furnace to 
gradually increase temperature of a steel plate, but can also 
prevent deformation caused by sharp heating of the Steel 
plate due to use of a plurality of pairs of upper and lower 
rolls, and minimize deformation during the transfer of the as 
steel plate. 

In addition, high-frequency coils are alternately installed 
with pairs of upper and lower rolls, so that they can perform 
direct induction heating on the steel plate. During high 
frequency heating, it is possible to minimize a high-fre 
quency influence on other parts than the steel plate. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of 
the present invention will become more apparent to those of 35 
ordinary skill in the art by describing in detail exemplary 
embodiments thereof with reference to the attached draw 
ings in which: 

FIG. 1 is a diagram for explaining a typical hot stamping 
process; 40 

FIG. 2 illustrates a heating furnace system for hot stamp 
ing according to an embodiment of the present invention 
along with a press; 

FIG. 3 illustrates pairs of upper and lower rolls of the first 
heating furnace shown in FIG. 2; 

FIG. 4 illustrates the pairs of upper and lower rolls shown 
in FIG. 3 when viewed from the top: 

FIG. 5 is a diagram for explaining the arrangement 
between the pairs of upper and lower rolls shown in FIG. 4 
and high-frequency coils; 

FIG. 6 illustrates a coupling structure of ends of the pairs 
of upper and lower rolls shown in FIG. 3; 

FIG. 7 is a cross-sectional view illustrating the pairs of 
upper and lower rolls shown in FIG. 6; 

FIG. 8 illustrates the discharge section shown in FIG. 2; 
FIG. 9 illustrates the state where a steel plate introduced 55 

into the discharge section shown in FIG. 8 is held by 
stoppers; and 

FIG. 10 illustrates a coupling structure of the stoppers 
shown in FIG. 8. 
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DETAILED DESCRIPTION OF THE 
EXEMPLARY EMBODIMENTS 

Aheating furnace system for hot stamping according to an 
exemplary embodiment of the present invention will be 65 
described below with reference to the accompanying draw 
ings. 

4 
Referring to FIG. 2, a hot stamping process comprises 

heating a steel plate in a heating furnace system, forming 
and cooling the heated Steel plate in a press 600, and loading 
the pressed steel plate onto a conveyor 800. Transfer robots 
500 and 700 are positioned to transfer the steel plate (or a 
product) between the heating furnace system and the press 
600, and between the press 600 and the conveyor 800, 
respectively. 
The heating furnace system includes a steel plate feed 

section 100, heating furnaces 200 and 300, and a discharge 
section 400. The heating furnaces 200 and 300 are sorted 
into a first heating furnace 200 and a second heating furnace 
3OO. 
As illustrated in FIG. 2, the steel plate feed section 100 

includes a plurality offeed rolls 110 arranged in a lengthwise 
direction in order to feed the steel plate to the first heating 
furnace 200. A length of the steel plate feed section 100 can 
be adjusted according to a size of the steel plate to be fed, 
and as needed. As the feed rolls 110, stainless rolls are used. 
As illustrated in FIGS. 2 through 4, the first heating 

furnace 200 is a high-frequency furnace using high-fre 
quency induction heating in order to heat the steel plate, and 
has two heating Zones 200a and 200b having different target 
temperatures. Each heating Zone is provided with high 
frequency coils 220 connected to a separate inverter (not 
shown). The target temperatures are obtained through 
adjustment of output of the inverter, particularly through 
frequency modulation. The target temperature for heating 
the Steel plate on the first heating Zone 200a has a range 
between 25° C. and 450° C. (using a relatively low fre 
quency), while the target temperature for heating the steel 
plate on the second heating Zone 200b has a range between 
450° C. and 750° C. (using a relatively high frequency). In 
this manner, the two heating Zones are divided to increase 
temperature of the steel plate, so that it is possible to prevent 
deformation or twist of the steel plate caused by a sharp 
increase in temperature. 

Meanwhile, in the first heating furnace 200, a plurality of 
pairs of upper and lower rolls 210 for transferring the steel 
plate are arranged in a lengthwise direction of the first 
heating furnace, and the high-frequency coils 220 are alter 
nately arranged with the pairs of upper and lower rolls 210 
in the lengthwise direction of the first heating furnace. 
Referring to FIGS. 4 and 5, each high-frequency coil 220 is 
installed in a structure where it sequentially runs between 
the neighboring upper rolls 210a, between the pairs of upper 
and lower rolls 210, and between the neighboring lower rolls 
210b, i.e. is bent in a quadrilateral shape (see FIG. 5). The 
steel plate passing between the upper rolls 210a and the 
lower rolls 210b is almost continuously heated by the 
high-frequency coils installed in spaces between the rolls. 
Thus, the deformation or twist of the steel plate which may 
occur during heating can be effectively controlled by adjust 
ing an interval between the upper roll 210a and the lower 
roll 210b. The high-frequency coils 220 are insulated and 
coated Such that no spark occurs when coming into contact 
with the steel plate. 
The speed at which the steel plated is transferred at the 

first heating furnace 200 is adjusted within a range from 70 
mm/sec to 90 mm/sec. Referring to FIGS. 3 through 5. 
opposite ends of the upper and lower pairs 210 pass through 
Hemmit panels 230 for thermal insulation, and then are 
mounted on Bakelite panels 240 defining a case of the first 
heating furnace 200. The Bakelite panels 240 are used to 
shield an influence of high frequency as well as maintain an 
insulating characteristic and strength. The opposite ends of 
the upper and lower pairs 210 passing through these Bakelite 
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panels 240 are connected with drives (not shown). Such as 
sprockets or bearings, for rotating the upper and lower pairs 
210 by a typical technique. Meanwhile, the drive, particu 
larly the bearing, to which the upper roll 210a is connected, 
may be provided with a damper there outside so as to be able 
to absorb impact to which the steel plate applies to the upper 
roll 210a while passing between the upper roll 210a and the 
lower roll 210b. 
The upper and lower rolls 210 are made of a hollow 

ceramic material for the insulating characteristic. As illus 
trated in FIGS. 6 and 7, extensions 250 are inserted into the 
opposite ends of the upper and lower rolls 210 in order to 
lengthen the rolls and to make connection to the drives. Yarn 
260 is wound on the outer circumference of each roll into 
which the extension is inserted within a predetermined area. 
The reason of winding the yarn 260 is to prevent the hollow 
ceramic rolls vulnerable to impact from being broken by 
misalignment between central axes of the extensions 250 
inserted into the opposite ends of each roll 210 and a central 
axis of each roll 210. This wound yarn 260 is impregnated 
with epoxy resin, thereby increasing strength. As illustrated 
in FIGS. 6 and 7, each extension 250 includes an insertion 
part 215 inserted into the roll 210, a step 252 fitted to the roll 
210, and an extension part 253 having a smaller diameter 
than the insertion part 251. The insertion part 251 of the 
extension 250 is fastened with the roll 210 by bolts 270. 
The second heating furnace 300 includes an electric 

furnace or a gas furnace for heating the Steel plate trans 
ferred from the first heating furnace 200 at temperature of 
As or more (about 950° C. or more). As illustrated in FIG. 
2, the second heating furnace 300 has five heating Zones, and 
the first heating furnace 200 has two heating Zones, so that 
the inventive heating furnace system has a total of seven 
heating Zones. If the five heating Zones of the second heating 
furnace 300 are called third to seventh heating Zones, the 
third to fifth heating Zones are heating sections 300a for 
heating the steel plate transferred from the first heating 
furnace 200 at temperature of A or more, the sixth heating 
Zone is a soaking section 300b, and the seventh heating Zone 
is a standby section 300c. A reference numeral 320 indicates 
a heater. 
As illustrated in FIG. 2, a plurality of transfer rollers 310 

made of heat resisting steel are arranged throughout the 
entire length of the second heating furnace 300. A steel plate 
position detection sensor 320 and a temperature detection 
sensor 330 are installed in the standby section 300c. These 
sensors 320 and 330 detect whether or not the steel plate 
enters the standby section 300c (i.e. whether or not the steel 
plate is placed on the transfer rollers of the standby section 
300c throughout the entire length thereof), and whether or 
not the steel plate is sufficiently soaked at a discharge 
temperature of A or more. When these conditions are met, 
the steel plate begins to be discharged from the standby 
section 300c to the discharge section 400. 
The transferring speed of the steel plate in the heating 

section 300a is equal to that in the soaking section 300b. The 
transferring speed of the steel plate in the standby section 
300b is also equal to those in the heating and soaking 
sections 300a and 300b until the steel plate is discharged. 
When the steel plate completely enters the standby section 
300c and then is discharged (i.e. when it is determined on the 
basis of measured values of the position and temperature 
detection sensors that the steel plated can be discharged from 
the standby section, and thus the steel plate is actually 
discharged), the transferring speed of the steel plate is set so 
as to be increased. This is because, in the case where the 
steel plate is placed in the standby section 300c at a leading 
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6 
end thereof, and in the soaking section 300b at a trailing end 
thereof, and if the center of gravity of the steel plate is 
located at the trailing end of the steel plate, the transferring 
speed of the steel plate is dependent on the rotating speed of 
the transfer rollers of the soaking section 300b, although the 
rotating speed of the transfer rollers of the standby section 
300c is increased. Further, in the case where the increased 
rotating speed of the transfer rollers 310 is sharply reduced, 
the transfer rollers 310 are overloaded to have a possibility 
of flexure or damage. As such, after the steel plate is 
discharged from the standby section 300c, the transferring 
speed thereof is set in Such a manner that it is gradually 
reduced to be equal to those for the heating and soaking 
sections 300a and 300b. The temperature of the steel plate 
is sharply lowered for several seconds until the steel plate 
comes out of the standby section 300c and then is formed by 
the press 600. The second heating furnace 300 may be 
Supplied with an atmosphere gas in order to prevent oxida 
tion of the steel plate. 

Referring to FIGS. 2, 7 through 10, the standby section 
300c of the second heating furnace 300 is followed by the 
discharge section 400 having rotation rolls 410 for intro 
duction of the steel plate. Stoppers 432 are installed upwards 
between the neighboring rotation rolls 410 in order to fix a 
position of the introduced steel plate. A support plate 430 is 
installed below the rotation rolls 410. The support plate 430 
is formed with a plurality of mounting holes 431 in the axial 
direction of the rotation rolls 410. These mounting holes 431 
are densely formed so as to be able to install the stoppers 432 
at interference positions with the steel plate according to the 
shape of the heated steel plate. As illustrated in FIG. 10, the 
support plate 430 is connected to a frame 420 of the 
discharge section. Meanwhile, the rotation rolls 410 of the 
discharge section 400 continue to be rotated as long as the 
steel plate is placed thereon. This continuous rotation is for 
preventing local temperature reduction, deformation, etc. of 
the steel plate at the places where the steel plate is in contact 
with the rotation rolls 410. 
As illustrated in FIG. 2, the steel plate, which is trans 

ferred to the discharge section 400, is placed between upper 
and lower dies 610 and 620 of the press by the first transfer 
robot 500, and then is formed and heat-treated. The upper 
and lower dies 610 and 620 are each provided with a cooling 
channel for radiating heat. The pressed and heat-treated 
product is discharged and loaded on the conveyor 800 by the 
second transfer robot 600, and then is transferred. 
While the present invention has been shown and 

described in connection with the exemplary embodiment, it 
will be apparent to those skilled in the art that modifications 
and variations can be made without departing from the spirit 
and scope of the invention as defined by the appended 
claims. 

What is claimed is: 
1. A hybrid heating furnace system for hot stamping 

comprising: 
a steel plate feed section; 
a first heating furnace having at least two heating Zones 

with different target temperatures, each heating Zone 
having high-frequency coils connected to a separate 
inverter; 

a second heating furnace at least having heating sections 
and a standby section, wherein the heating sections heat 
a steel plate transferred from the first heating furnace to 
a temperature greater than or equal to the temperature 
at which ferrite in the steel plate is transformed to 
austenite, and wherein the standby section controls a 
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transferring speed of the steel plate independently of 
that in the heating sections; and 

a discharge section disposed next to the second heating 
furnace to receive the steel plate transferred from the 
second heating furnace, 

wherein the heating sections and the standby section of 
the second heating furnace each include one of an 
electric resistance heater having heating elements dis 
posed apart from the Steel plate and a gas heater, 

wherein the discharge section includes rotation rolls 
installed for introducing the steel plate, and stoppers 
installed upwards between the rotation rolls adjacent to 
each other in order to fix a position of the introduced 
steel plate, 

and wherein the rotation rolls of the discharge section are 
configured to be continuously rotated as long as the 
steel plate is placed thereon, Such that the continuous 
rotation prevents local temperature reduction and 
deformation of the steel plate at places where the steel 
plate is in contact with the rotation rolls. 
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2. The hybrid heating furnace system of claim 1, wherein 

the first heating furnace includes a plurality of pairs of upper 
and lower rolls arranged in a lengthwise direction thereof in 
order to transfer the Steel plate, and the high-frequency coils 
alternately installed with the pairs of upper and lower rolls 
in the lengthwise direction thereof. 

3. The hybrid heating furnace system of claim 1, wherein 
the standby section includes position and temperature detec 
tion sensors for the steel plate. 

4. The hybrid heating furnace system of claim 1, wherein 
the transferring speed of the steel plate before the steel plate 
is discharged from the standby section is equal to those in 
the heating sections, and the transferring speed of the Steel 
plate is increased when the steel plate completely enters the 
standby section and is discharged from the standby section. 

5. The hybrid heating furnace system of claim 1, wherein 
the transferring speed of the steel plate after the steel plate 
is discharged from the standby section is gradually reduced 
to be equal to those in the heating sections. 

k k k k k 


